With prior information on vibrationally excited states from DRM microwave spectroscopy, two B-type high-resolution FT-IR bands of furazan were examined to yield the band origins v° = 1316.2254 cm -1 and = 1036.1689 cm -1 with an estimated absolute uncertainty of ±0.0001 cm -1 . The rotational and distortion constants of both fundamental states were refined by the combination of rotational with rovibrational data in the least-squares fits of the bands.
I. Introduction
Following the study of the pure rotational spectra [1 a] of the ground state (GS) and of twelve fundamental vibration states of the five-membered ring compound furazan (C 2 H 2 N 2 0) by double resonance modulation (DRM) microwave spectroscopy [lb] in the late 1980s, the rovibrational bands of this compound were recorded under high resolution on the FT-IR spectrometer (Bruker IFS 120 HR) at the Justus-Liebig-Universität Giessen during the summer of 1990. The purpose of that work was to establish experimental information suitable for the determination of the vibrational band origins v? with the highest possible accuracy. Accordingly, efforts since then have been focused on the rovibrational analyses of the observed bands. That task was greatly facilitated through the availability of the rotational constants of the excited states from the earlier microwave study [la] .
In two preceding papers [1 c, d ] the vibrational band origins and rotational parameters, which could be refined beyond the limit set by the microwave (MW) study, were reported for the Bi-fundamentals (A-type bands) v 12~9 53 cm _1 and v u~1 175cm _1 and for the A j -fundamental v 5~1 005 cm -1 . In continuation of that work, which ultimately aims at the rovibrational analysis of all IR-detectable bands of furazan, the present paper reports corresponding results for the medium-strong A!-fundamental v 3~1 316cm _1 and for the weak A r band v 4~1 036cm -1 . In addition to
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having a small intensity, the latter band is appreciably overlapped by the R-branch of the strong A x -band v 5 .
II. Experimental, Theoretical and Computational Aspects
The high-resolution IR spectra of the bands v 3 and v 4 of furazan were obtained on the Bruker IFS 120 HR interferometer. The sample cell was an external addition to the commercial instrument and was 300 cm in length. It contained the furazan vapour at a pressure of 2.5 mbar for the study of the v 3 -band and at 2 mbar for the recording of the v 4 -band. In both cases the sample gas was at room temperature (300 K). The interferograms were built up from 245 scans in each case, and the unapodized spectral resolution was 0.0039 cm -1 for v 3 and 0.0028 cm -1 for the v 4 -band. After both furazan runs, the spectrometer was calibrated against precisely known [2] absorptions of N 2 0. These calibrations indicated a standard error of 8xl0 _5 cm _1 of the wavenumber scale of the instrument.
The analysis of the observed bands rested on the assumption that no interactions of v 3 or v 4 with other vibrational modes were taking place and that the disposition of levels within each of the excited states was therefore adequately describable by the eigenvalues of Watson's [3] A-reduced Hamiltonian in the I r representation,
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where A, B, and C are the reduced rotational constants, A and <5 are the quartic distortion constants and P is the angular momentum operator with components P a , biC along the principal inertial axes of the molecule. The third line in this expression is the product of the bracketed operators, and the last line represents the anti-commutator [3] . Additional terms, which reflect the contributions of sextic distortion effects, have been omitted from this Hamiltonian. This has been justified previously [1 c,d ] for the GS and for the modes v 12 , v n , and v 5 .
The numerical part of the analyses was carried out with the computer package developed by Gambi et al. [4] on the basis of the above assumption. It comprises two parts: A 'forward' calculation (TRANSI) of the band structure from the rotational parameters of the GS and of the excited state with a given vibrational frequency difference v° (band origin) between them, and the reverse procedure (SMINIQ) for extracting by a least-squares (LSQ) routine the rotational parameters and the band origin from a set of identified (assigned) rovibrational transitions of an observed band.
III. Results
A) The v 3 -band at ~ 1316 cm~l
Assignment of IR transitions
Prior knowledge [1 a] of the molecular constants of the state v 3 = l and of the GS parameters [la,c] allowed the structure of this B-type band to be calculated with a high degree of confidence in the results. Hence, only the band origin v 3 remained as a relatively uncertain quantity. This allowed merely for a shift of the band structure as a whole to higher or lower wavenumbers. On the basis of the earlier, low-resolution study of Christensen et al. [5] this amounted to an uncertainty of ±1 cm 3 -band to be made with relative ease. Altogether, some 800 Pbranch lines and equally many R-branch lines with J'-values up to J'= 65 could eventually be identified in the range from 1290 cm" 1 to 1340 cm -1 . Continual refinement of the band parameters finally allowed an equal number of Q-branch transitions to be picked out within some +10 cm -1 of the band origin.
Qualitative Description of the v 3 -Band
A general description of the B-type bands of furazan, which connect the GS with excited states of C 2v symmetry A l5 has been given previously [1 c ]. The v 3 -band is shown in the centre of Fig. 1 in a compressed presentation, and small high-resolution sections of the band are arranged around the outside of that figure. Numbers, which indicate the leading value of the principal rotational quantum number J' of the upper vibration state for each group of \AJ | = 1 transitions (clusters), are inserted in these traces. -Up to J' = 25 the clusters are relatively compact and therefore leave sufficient space for the observation of the generally weaker Q-branch transitions in the wavenumber gaps between them. For higher /'-values the clusters progressively spread out into these gaps which they fill completely at J' ~ 40-45 (bottom left and right trace in Figure 1 ). Eventually, for J'>45, the low-J' members of one cluster merge with the intense high-J' members at the beginning of the next group of transitions, and this makes the recognition of the structure of the band more and more difficult at high J '-values. -The Q-branch transitions of this and any other B-type band begin with the very weak 'conjugate' low-J transitions which are displaced nearly symmetrically about the band origin (middle trace, bottom of Figure 1 ). The identification of these pairs of 'conjugate Q-branch lines' provides a very convenient way of determining the origin of an isolated B-type band.
B) The v 4 -Band at ~ 1036 cm' 1 
Assignment of IR transitions
As a consequence of the small intensity of this band and the overlap of its origin by high-J R-branch transitions (J'>50) of the strong v 5 -band [lc], the weak 'conjugate Q-branch transitions', which would indicate the band origin, could not be picked out by inspection of the trace. This entailed an uncertainty of ±1 cm -1 in the probable value of the band origin v°~1036cm -1 [5] . However, the occurrence of successive AJ = 1 clusters in the R-branch of v 4 was readily discernable (see Fig. 2 ) though the correct J'-value of each cluster had to remain uncertain as a consequence of the uncertainty in v 4 . This insecure situation was removed by trial fits of the leading transitions of some 40 consecutive clusters together with the 89 known MW transitions within the excited state to J'-values varying by A J' up to ±2 from those values which were expected on the basis that v 4 = 1036.0 cm" 1 (zlJ' = 0). These trial fits were first carried out with the rotational constants of the state v 4 = 1 fixed to the values obtained from a fit of the DRM MW data alone, i.e. with only v 4 variable. As the top three rows of Table 2 indicate, both the standard deviation of the fits and the uncertainty <5v 4 of the resulting band origin were at least five times smaller for the assignment given in Fig. 2 (A J' = 0) than for the adjacent possibilities with all J'-values increased or decreased by unity. As a further check on the best v 4 -value suggested by these calculations, a second series of trial fits was carried out, in which, in addition to v'2, the rotational constants A', B\ and C" were treated as adjustable. The results are given in the lower half of Table 2 , and they indicate that the closest approach of A', B\ and C' to the values, which were determined from the earlier DRM MW data [1 a] alone, occurs for A/'= 0 (central column of Table 2 ). In summary, by far the best consistency between DRM MW and FT-IR data occurred with the /'-assignment as indicated in Fig. 2 and resulted in v 4 = 1036.169 cm -1 . -With this value for the band origin it subsequently became possible to fit all detectable members of each cluster (about 460 R branch lines), to identify for inclusion in the fit nearly the same number of Q-branch transitions and, finally, to select some 200 assignable transitions of the overlapped P-branch of v 4 . The latter number is only half that of the assigned R-branch lines because the missing half of the P-branch lines is completely 'swamped' by the much stronger transitions of the R-branch of v 5 . Figure 2 shows the v 4 -band to be at least five times weaker than the neighbouring v 5 -band which has been analysed previously [lc] . The structure of its P-branch is burried under the spread-out and much more intense R-branch clusters of v 5 , and for this reason no high-resolution sections of that part of the band are reproduced in Figure 2 . Instead, the figure shows a continuous section over 14 cm -1 in which the emergence of the R-branch of v 4 seems fairly obvious despite the weakness of transitions (note that the range of transmittance has been reduced from 100% in the previous papers to 50% in Figure 2 ). The wavenumber range reproduced under high resolution stretches from the band origin, which is not recognisable but indicated by the arrow, up to 1050 cm -1 and shows the fading-out of v 5 -transitions which allows the emergence of the R-branch structure of v 4 . The assigned values of J' have been inserted for each recognisable cluster.
Qualitative Appearance of the v 4 -Band

C) Molecular Constants and Band Origins
For both bands the rotational constants and the five quartic distortion constants together with the band origin were determined from the identified rovibrational transitions together with the known MW transitions within each excited state [1 a] by the LSQ fitting procedure SMINIQ [4] , The parameters of the GS were held fixed in these fits at the values determined previously ([1 c] and Table 1 ).
As in the previous studies, a limit of 5 x 10 ~4 cm -1 was imposed on the acceptable differences between observed and calculated wavenumber values, and transitions with larger discrepancies were removed from the final LSQ fits. For the v 3 -band this resulted in the elimination of some 50 assignable IR transi- a AJ' = 0 denotes the rovibrational assignments inserted in Figure 2 . the observed peak wavenumber value so as to generate two fittable values. In the listings of the fitted transitions, which have been deposited with the "Sektion für Spektren and Strukturdokumentation" of the Universität Ulm (FRG), such split wavenumber values are marked with a dot. They are easily recognisable, of course, because they show separations which are up to ten times smaller than the resolution of the spectrometer (~ 0.004 cm" 1 ).
As may be seen from Table 3 
